Several previous studies reported that the neutrophil-to-lymphocyte ratio (NLR) could be a promising prognostic factor for patients with cancer. We aimed to determine the prognostic value of NLR in patients with advanced pancreatic cancer (APC) following palliative chemotherapy. We retrospectively reviewed 252 consecutive APC patients receiving palliative chemotherapy between January 2006 and December 2012. We classified the patients according to the pretreatment NLR values (≤5 or >5) into two groups and investigated the difference in treatment outcomes, including time to treatment failure (TTF) and overall survival (OS). A total of 212 patients had pretreatment NLR values of ≤5 (group A), while 40 patients had an NLR of >5 (group B). TTF and OS were significantly shorter in group B than in group A (3.1 vs. 8.7 months and 6.0 vs. 12.8 months, respectively; both P < 0.01). After adjustment for putative prognostic factors, including distant metastasis, status of recurrent/unresectable disease, pretreatment carbohydrate antigen 19-9 levels, and carcinoembryonic antigen levels using the Cox regression model, elevated pretreatment NLR remained an independent poor prognostic factor for OS (hazard ratio, 1.92; 95% confidence interval, 1.27-2.90; P < 0.01). In addition, patients in group B whose NLR dropped to ≤5 before the second cycle of chemotherapy showed longer TTF and OS compared with those whose NLR remained at >5. Our results support the idea that NLR can be a promising prognostic and predictive marker for APC patients receiving palliative chemotherapy.
Introduction
Pancreatic cancer is one of the most lethal malignancies worldwide [1] , and most patients are diagnosed too late for curative resection. Even with curative resection, disease relapse within 2 years occurs in >80% patients [2, 3] . Systemic gemcitabine-based chemotherapy has long been used as a standard therapy for patients with advanced pancreatic cancer (APC). However, the long-term efficiency and prognosis vary greatly among patients [4] . Therefore, it is clinically relevant to identify APC patients who are more likely to benefit from palliative chemotherapy.
Accumulating evidence supports a positive relationship between inflammation and cancer development and progression [5, 6] . The interaction between tumor and host immune system promote tumor cell proliferation, metastasis, and also activate the inflammatory cascade in the host, which further deteriorates the general condition of cancer patients [6] . Several markers, including neutrophil-to-lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and modified Glasgow prognostic score (mGPS), have been proposed to estimate the magnitude of systemic inflammation in cancer patients [7] [8] [9] . Among these markers, a growing body of evidence supports the usefulness of NLR in predicting the prognosis of patients with cancer. Elevated NLR has reportedly been associated with poor survival following resection or chemotherapy in a variety of cancers [10] [11] [12] [13] [14] . In pancreatic cancer, an increasing number of studies have reported an association between elevated NLR (>5) and poor prognosis [7, [15] [16] [17] . However, most studies included operable pancreatic cancer patients [7, 15, 18] , and the prognostic value of NLR in APC patients receiving palliative chemotherapy is still limited. In fact, only one study of a relatively small cohort (n = 89) focused on APC patients receiving chemotherapy and demonstrated that elevated NLR could predict poor survival [16] . Other studies that reported similar results analyzed the pooled data of patients who underwent surgery [17] or did not receive chemotherapy [7] . Therefore, the usefulness of NLR as a prognostic marker for APC patients following chemotherapy should be validated in another large cohort. Furthermore, it is unknown whether the evaluation of NLR kinetics can predict outcomes for APC patients following chemotherapy.
In this study, we aimed to determine whether elevated NLR could be an independent poor prognostic factor in APC patients following chemotherapy and whether the monitoring of decreased NLR before the second cycle of chemotherapy could predict better outcomes.
Patients and Methods

Patients and treatment
Using a prospective cohort database system (CyberOncology â , Cyber Laboratory Inc., Tokyo, Japan) [19] and electronic medical charts, we retrieved the clinical data of 269 consecutive patients with pathologically confirmed pancreatic ductal adenocarcinoma who received at least two cycles of palliative first-line chemotherapy at Kyoto University Hospital (Kyoto, Japan) between January 2006 and December 2012. In principle, NLR was calculated using the neutrophils and lymphocytes counts obtained on the same day of chemotherapy. If blood test was not performed on the same day of chemotherapy, we substituted the data obtained within 2 days of chemotherapy. Sixteen cases were excluded from this study because a set of NLR values before the first and second chemotherapy cycles was not available, and 252 patients were ultimately investigated. Patients who had once undergone radical resection (R0 or R1) for primary tumors and developed recurrent disease were classified into the recurrent group (n = 73), while those who had an initial diagnosis of unresectable disease were placed into the initially unresectable group (n = 179). Palliative chemotherapy regimens included gemcitabine monotherapy (n = 156) [20] , gemcitabine and S-1 combination therapy (n = 85) [21] , S-1 monotherapy (n = 9) [22] , and gemcitabine and erlotinib combination therapy (n = 2) [23] . The standard doses and regimen schedules were adjusted at the discretion of the treating physicians according to incidence of adverse events or the general condition of the individual patient. All patients provided written informed consent for the use of their clinical data in the medical records system for research. This study was approved by the Ethics Committee of Kyoto University Graduate School of Medicine (E1606).
Demographic/clinical and laboratory variables
Baseline patient characteristics, including laboratory data before the first cycle of palliative chemotherapy and the NLR values before the first and second cycles of chemotherapy, were collected for analysis. On the basis of previous studies, [24] [25] [26] continuous parameters were categorized for the convenience of prognostic analysis as follows; age (<65 or ≥65 years), Eastern Cooperative Oncology Group Performance Status (ECOG PS) score (0-1 or 2), NLR (≤5 or >5), platelet to lymphocyte ratio (PLR) (<150 or ≥150), levels of carbohydrate antigen 19-9 (CA19-9, <1000 or ≥1000 U/mL), carcinoembryonic antigen (CEA, <5 or ≥5 ng/mL), C-reactive protein (CRP, <0.5 or ≥0.5 mg/dL), lactate dehydrogenase (LDH, <250 or ≥250 IU/L), hemoglobin (<10 or ≥10 g/dL), and albumin (<3.5 or ≥3.5 g/dL).
Statistical analysis
Baseline patient characteristics were compared using the v 2 test or Fisher's exact test for dichotomous variables or the Mann-Whitney U test for continuous variables. The time to treatment failure (TTF) was calculated from the date of palliative chemotherapy initiation and terminated on the date of palliative chemotherapy discontinuation for various reasons, including treatment toxicity, disease progression, or patient withdrawal. Overall survival (OS) was calculated from the date of palliative chemotherapy initiation and terminated on the date of death for any reason or censored on the last follow-up visit. TTF and OS were estimated using the Kaplan-Meier method, and differences were compared using log-rank tests. Cox regression models were used to identify prognostic factors for TTF and OS. Prognostic factors shown to be significant in the univariate analysis were tested via multivariate analysis. The hazard ratio (HR) and 95% confidence interval (CI) were calculated using Cox regression models. A two-tailed P value of <0.05 was considered statistically significant. All statistical analyses were performed using SPSS statistical software (version 17.0; SPSS Inc., Chicago, IL).
Results
Patient characteristics
Patient characteristics were stratified by the pretreatment NLR values (≤5 or >5) and are summarized in Table 1. A total of 212 patients had a pretreatment NLR of ≤5, while 40 had an NLR of >5. Most baseline characteristics were comparable between the two groups. However, the following factors, including CA19-9 (≥1000 U/mL) levels, CRP (≥0.5 mg/dL) levels, LDH (≥250 IU/L) levels, and PLR (≥150) were more common in the NLR >5 group.
Prognostic factors for poorer TTF and OS
Univariate analysis identified eight prognostic factors associated with poorer TTF, including an ECOG PS of 2, distant metastasis, the status of unresectable disease, a pretreatment NLR of >5, CA19-9 levels of ≥1000 U/mL, CEA levels of ≥5 ng/mL, CRP levels of ≥0.5 mg/dL, and LDH levels of ≥250 IU/L. All these factors were subsequently analyzed in multivariate analysis. A total of five factors, including distant metastasis, status of unresectable disease, a pretreatment NLR of >5, CA19-9 levels of ≥1000 U/mL, and CRP levels of ≥0.5 mg/dL, remained independent prognostic factors for poorer TTF in APC patients following chemotherapy ( Table 2 ). The same analysis was performed for OS, and a total of five factors, including distant metastasis, status of unresectable disease, a pretreatment NLR of >5, CA19-9 levels of ≥1000 U/mL and CEA levels of ≥5 ng/mL, remained independent prognostic factors after multivariate analysis (Table 3) . Table 4 shows the relationship between different thresholds of NLR and OS. An NLR cutoff value of 5 could discriminate patients with poorer survival and the highest HR in our cohort.
Relationship between NLR thresholds and OS
Comparison of TTF and OS stratified by pretreatment NLR
The median TTF and OS in patients with a pretreatment NLR of >5 was 3.1 (95% CI, 2.7À3.5) months and 6.0 (95% CI, 2.8-9.2) months, respectively, which were significantly shorter compared with those of patients with an NLR of ≤5 (TTF and OS, 8.7 [95% CI, 7.2À10.2] months and 12.8 [95% CI, 10.7À14.9] months, respectively; both P < 0.01; Fig. 1A and B) . 
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NLR drop (≤5) before the second cycle of chemotherapy predicted favorable TTF and OS
To test whether the monitoring of the drop in NLR before the second cycle of chemotherapy could predict better outcomes, patients with a pretreatment NLR of >5 were categorized into two groups according to their NLR levels before the first and second cycles of chemotherapy as follows: group 1, NLR >5 at baseline and drop to ≤5 before the second cycle of chemotherapy (n = 28); and group 2, NLR >5 before both the first and second cycles of chemotherapy (n = 12). Patients in group 1 demonstrated significantly improved TTF and OS compared with those in group 2 (4.3 vs. 1.4 months and 9.3 vs. 2.7 months, respectively; both P < 0.01; Fig. 2A and B) .
Discussion
Growing evidence supports a positive relationship between inflammation and cancer development and progression [5, 6] . NLR is attracting more and more researchers' attention because it is readily measurable in peripheral blood and is likely to reflect the magnitude of the systemic inflammatory response. An increasing number of studies have reported that elevated NLR can be a marker of poorer This study (n = 261) pooled the data from patients who received chemotherapy (n = 179) and no chemotherapy (n = 82). prognosis in a variety of cancers [10] [11] [12] [13] [14] . Elevated NLR is often accompanied by elevated neutrophil levels and relative lymphocytopenia. Elevated neutrophil levels can promote tumor cell progression by upregulating a variety of inflammatory cytokines and providing a suitable microenvironment for tumor growth [27, 28] . Furthermore, lymphocytopenia arising from numerous inhibitory immunologic mediators released by tumor cells represents an immunosuppressive condition in cancer patients and contributes to poorer outcome [29] .
In this study, we aimed to determine whether elevated pretreatment NLR was associated with poorer prognosis for APC patients receiving palliative chemotherapy. Cox regression analysis identified a total of five factors, including distant metastasis, status of unresectable disease, a pretreatment NLR of >5, CA19-9 levels of ≥1000 U/mL, and CEA levels of ≥5 ng/mL, that were associated with poorer OS in our cohort. We observed significantly shorter TTF and OS among patients with a pretreatment NLR of >5 compared with those among patients with an NLR of ≤5. The median OS was 6.0 months in patients with an NLR of >5 and 12.8 months in patients with an NLR of ≤5. In addition, the NLR cutoff value of 5 was determined to be optimal in our cohort. Dexamethasone is commonly used for antiemetic purpose in systemic chemotherapy; however, the mean dose of dexamethasone used for antiemetic purpose was almost equal (2.2 mg) between group A and group B and it was unlikely that this affected our current results. The present results are in line with those of previous studies [16, 17] reporting that elevated NLR was an independent prognostic factor for OS in APC patients receiving palliative chemotherapy; these data from published studies are summarized in Table 5 . The proportion of patients with a pretreatment NLR of >5 in existing research are comparable across studies. To the best of our knowledge, our current study comprised the largest number of APC patients who received palliative chemotherapy, and our results strongly support the hypothesis that elevated NLR (>5) can be a reliable and reproducible marker for identifying a subgroup of APC patients with poorer prognosis following palliative chemotherapy.
We also demonstrated that NLR kinetics could predict treatment outcome in APC patients following palliative chemotherapy. Patients whose pretreatment NLR values of >5 dropped to ≤5 before the second cycle of chemotherapy demonstrated significantly longer TTF and OS compared with those whose NLR values remained at >5 before the second cycle of chemotherapy. A total of five patients developed grade 3 or higher neutropenia during the first cycle of chemotherapy in group B. A persistent NLR of >5 before the second cycle of chemotherapy remained an independent poor predictive marker of TTF and OS (both P < 0.01) after adjusting the incidence of grade 3 or higher neutropenia during the first cycle of chemotherapy. Persistent elevation of NLR may reflect the severe systemic inflammatory response in the body and aggressive tumor features. Our results are in line with those of the previous study by Chua et al. [11] They investigated a total of 162 patients with metastatic colorectal cancer who received palliative chemotherapy and reported that patients whose pretreatment NLR values of >5 dropped to ≤5 before the second chemotherapy cycle demonstrated significantly longer progression-free survival and a trend toward longer OS compared with patients with a persistent NLR of >5. Therefore, evaluation of NLR before the second cycle of chemotherapy can help physicians to predict chemotherapy resistance and reconsider the treatment strategy at an earlier time point in daily clinical practice.
In contrast to NLR, we were unable to validate the prognostic value of PLR or mGPS in our cohort, although some researchers reported that these play prognostic roles in patients with cancer [8, 9] . This study was limited by its retrospective design. In addition, chemotherapy regimens differed among patients; however, it is unlikely that chemotherapy regimen heterogeneity affected the current results because almost 99% patients received gemcitabine, S-1, or gemcitabine/S-1 combination therapy, and the efficacies of these three regimens were not statistically different in a large randomized phase III study [30] .
In summary, our results strongly support the idea that NLR can be a promising prognostic marker for APC patients receiving palliative chemotherapy. Furthermore, evaluation of NLR before the second cycle of chemotherapy can help physicians to predict response to palliative chemotherapy at an earlier time point. Future prospective studies are warranted to verify the usefulness of monitoring NLR in treating patients with APC.
